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Further Comments on Stability of Interface between 

I 
Solar Wind and Geomagnetic Field 

A. J. DESSLER 

Southwest Center for Advanced Studies, Dallas, Texas 

It has been pointed out [Dessler, 19611 that 
surface magnetometer data suggest that the in- 
terface between the solar wind and the mag- 
netosphere is stable rather than turbulent as 
commonly assumed. It is my purpose in this 
letter to  show how the introduction of the con- 
cept of a standing shock wave [Azford, 1962; 
Kellogg, 19621 maintained by the solar wind 
impinging on the magnetosphere makes satellite 
and space-probe data consistent with the con- 
clusion that the interface between the solar wind 
and the magnetosphere is stable. 

Figure 1 illustrates the standing shock wave 

around the front of the magnetosphere as de- 
scribed by Azjord [ 19621 and Kelbgg [1962]. 
There are two distinct boundaries: (1) the sur- 
face between the magnetosphere and the solar 
wind, which normally appears at about 10% 
geocentric distance near the subsolar point, and 
(2)  the shock transition between the supersonic 
solar wind and the compressed, slower solar 
wind region; the shock transition is located at 
about 14Rs near the subsolar point. Inside the 
magnetosphere, the magnetic field is relatively 
steady in time and decreases in strength mono- 
tonically with increasing radial distance. Be- 
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Fig. 1. A sketch (after Azford [19621 and Kellogg [19621) illustrating the interaction be- 
tween the solar wind and the magnetosphere. It is the magnetospheric boundary (at about 
lORa geocentric distance on the sunward side) that appears to be stable in the solar wind flow. 
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Fig. 2. Sketch of magnetic field versus radial 

distance, in the sunward direction (after satellite 
and space probe measurements, Sonett et  al. 
[19601; Ness et al. [19613; Cahill and Amazeen 
C19621. The solid line shows the very sudden transi- 
tion from smooth to irregular field. The dashed 
line indicates what one might expect either if the 
magnetospheric boundary were turbulent or if the 
magnetic irregularities measured between the 
boundary of the magnetosphere and the shock 
front were hydromagnetic waves that  propagated 
into the magnetosphere. 

tween the magnetosphere and the shock front, 
the magnetic field is irregular. Beyond the shock 
front, the field is less irregular. 

A sketch of magnetic field strength as a func- 
tion of radial distance is shown in Figure 2. The 
feature that is, a t  least qualitatively, in com- 
mon with all the satellite and space-probe ex- 
periments [Sonnett et al., 1960; Ness et al., 
1961; Cahil2 and Amazeen, 19621 is that just 
inside the boundary of the magnetosphere the 
field is steady, whereas it becomes quite irregu- 
lar just outside the boundary. This phenomenon 
is shown by the solid line in Figure 2. The dotted 
curve shows what we might expect if the irreg- 
ular fluctuations observed between the magneto- 
sphere and the shock front were hydromagnetic 
waves that propagated inward, or if these waves 
were generated by turbulence at  the boundary of 
the magnetosphere. (Turbulence, in its commonly 

I 

understood form, i.e., irregular motion of geo- 
magnetic field lines, must generate hydromag- 
netic radiation; true turbulence would put a 
significant fraction of the radiated energy into 
the isotropic mode, fast mode, that would propa- 
gate across field lines.) The only explanation 
that has thus far been put forth that can ac- 
count for both the rocket observations sketched 
in Figure 2 and the previously discussed surface 
observations is that the flow of solar plasma 
past the magnetosphere is grossly stable. 

CahiU and Amazeen [ 19623, from examination 
of Explorer 12 penetrations of the boundary, 
have independently concluded that the magnet- 
ospheric boundary is stable. They find that the 
boundary thickness is of the order of 100 km, 
and that, ‘The boundary is stable in that, during 
the penetration period of 100 sec, the boundary 
has not moved back and forth past the satellite.’ 

It cannot be unambiguously determined from 
a single magnetometer in space whether the 
fluctuations seen between the shock front and 
the magnetosphere are propagating hydromag- 
netic waves or quasi-stationary structures that 
are being swept past the detector by the flow of 
solar wind behind the shock (as shown in Fig- 
ure 1). However, if these fluctuations are hydro- 
magnetic waves, as suggested by Sonett et al. 
[ 19601, then the impedance mismatch across the 
interface into the magnetosphere from one me- 
dium to the other must be very great. 

The hypothesis of a stable magnetospheric 
boundary, if correct, has implications of funda- 
mental importance to  geomagnetism. One ex- 
ample is the meaning of the K, index. It has 
been traditionally assumed that a low K ,  index 
indicates little or no solar plasma flowing past 
the magnetosphere, whereas a high K ,  index 
indicates an enhancement of the flow of solar 
plasma. However, if the flow of solar plasma 
past the magnetosphere is always stable, large 
magnetic disturbances, which define a high K,, 
must be generated by a varying combined pres- 
sure of solar wind and solar magnetic field on 
the magnetosphere. That is, the K ,  index is a 
measure of the time rate of change of plasma 
plus magnetic pressure on the magnetosphere. 
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